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This report  represents  t h e  act ivi ty  on t h e  subject  grant 

during t h e  six month period begfnning February 1, 1966 and end- 

i n g  July 31, 1965. 

in tfie grant proposal is summarized below, 

The purpose af the experiment as described 

The puspose of this experiment is to study t h e  r e l a t i v e  

population and mean l%fetimea of some l eve l s  I n  atomic beams 

of hydrogen and helium using the f a i l  method of excitation, 

The atomic beams are obtained by passing high veloci ty  H2+ and 

H e 3 +  ions from a Van de Graaff' acce lera tor  through 8 t h i n  carbon 

foil (20  2 5 rg/cm2). 

through the  f o i l ,  or else pick up an e lec t ron  t o  become an 

exci ted atom; thus,  the  emerging beam is lmlnous due t o  de- 

exc i t a t ion  of either t h e  exci ted ions o r  atoms i n  t h e  beam, 

Information about the  lifetimes and relative populations of t h e  

atomic states are obtained by studying the In t ens i ty  of t h e  

atomic beam 8s a function of distance from the point  of i n i t i a l  

exci ta t ion.  

The ions w e  either exci ted as they pass 

An addithonal a i m  of' th is  program is the inves t iga t ion  of 

the  i n e l a s t i c  s c a t t e r i n g  of electrons from atomic energy states. 

F e a s i b i l i t y  of this type of experiment is under Invest igat ion 

both experimentally and t heo re t i ca l ly  . 
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1) Detez%dne the spectra produced by  the foil method 

of excitation. 

Def;emlne the lifetimes of the corresponding excited 

states, 

Detexmlne the number distribution of excited states 

populated by the foil method of excitation. 

fnvcstigate the f e a s i b i l i t y  of Ioeasuring ine las t i c  

electmn scattering cross-sections from atoms and 

ions i n  known energy states.  

2) 

3) 

4) 
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We have i . .=.ssv.r~d +,he fall-off i n  intensity o f  several 

spectral f i n e s  as B function of t i m e  FPom the point of initial 

s t a k  populatfm. The Pines investigated up to this date are 

the 4861; and 1215; l ines  of" i$"'and the 4859A, 3889A, 4686a 

IFnes of Her and HeII. A n  EMI '*red. photomultiplier 

he8 been ordered 80 thaS we may extend our measurements to  the 

longer wavellerrgths and further work is cument ly  being done on 

helium i n  the v l s i b l e  and ultraviolet .  

Our main concern at the present I s  the analysis of the 

data already accumulated. 

curve f i t t i n g  program which fits the data  to a function of the 

T h l s  i s  being done with an IBW 360 

form: 

where the ails are related to  the In%t3.al state populations 

and the Bifs are the transition p ~ o b a b i P i t d e s  between the states 

119 question. The generalized curve f i t t i n g  program which uses 

the maximum likelihood method was developed by F. Grard, [Univ. 

of Calif., Radiation Lab. Report, CRL-10153, T.L.D.-4500, 17th ed. 

(unpublished) In our case, since we are assuming a norm81 

distribution sf errurs, the technique simplifies t o  the metho6 

of least squares. This program, called "XaXIk"  has been used by 

4,s. C o o d m  a d  D.J. Donahue [Phys. Rev. my f (1966)l and 

W,S. B i c k e l  and A.S. Goodman [Phys. Rev. J&, 

data similar to ours.  It I s  Interesting to note, however, i n  the 

1 (1966)l t o  fit 
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Igma. Q data  is Of the fom: 
y = alee51t+ k 

where k is a c s n s t m t .  Theis e.xplrtnatlon for t h f s  choice of 

fit i s  that, 

state of HI f r o m  higher s t a t e s  I s  evident i n  their data, the  

l i fat lmes of these higher sts’ces are so long t h a t  t he  program 

cannot det.ec& &heir exponential decay; and it therefore treats 

their conta?ibu3ion $0 repopulation of t he  2p state as a constant.  

even though the effect of repopulatlon of the 2p 

In p r e l i d n a r g  analysis of our Lyman a data, we have found 

that the bes t  fit t o  the data is at  P e a s t  t h e  sum of two exponent- 

ials. Ue 8re in the process of testing the goodness of flt t o  

the data of a fumctlon composed of the sum of’ three axpOnentIal8. 

It I s  also i n t e r e s t i n g  t h a t  w e  find no abtvpt  change in 

f n t e n s l t y  In o m  i n t e n s i t y  versus time data far the  H e 1 1  system 

which I s  i n  contradiction with the  results reported by S. Bashkin 

and G. Beauchcmin [To be published, Canadian J. of Phys.]. They 

explain this effect by referring t o  811 earlier experlment 

[So Bashkin, et. &I,, Phys. Rev. ratters x, 284 (1965)’j An 

which they saw a similar result when an e l e c t r i c  f i e l d  wa8 applied 

perpendicular t o  the  direction of t h e  motion of t h e  atomic beam. 

It w a s  concluded In t h i s  experiment that t h i s  abrupt change I n  

i n t e n s i t y  w a s  due t o  the Stark effect. Since w e  w e r e  limited 

in spectral sage by our pholomultipl.ler detector ,  w e  were only 

able t o  Inves t iga te  t h i s  reported effect in the  4859A line and 

In the 4686A lSne which was over-exposed In the  Bashkin data. 

(They were unable t o  conclude t ha t  t h i s  e f f e c t  w a s  present i n  
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the 4686 l i n e  due t o  t h e  over-exposure; however, they assunred 

tha t  they  would have observed it i n  the 4586 l i n e  had no t  t he  

plate been over-exposed) . 
With respect t o  t he  proposed e lec t ron  s c a t t e r i n g  experi- 

ment we have 9een concentrat ing on ob ta in ing  good results f r O m  

our e lec t ron  gun, (It 's design is similar to t h a t  used by J.A. 

Sinpson)[Rev. Sci.  Instr,, 3, 265 (1962)j. We have purchased 

a dfffusion p-tamp and mechanical ptmp and have f a b r i c a t e d  a 

chamber for $ h i s  s c a t t e r i n g  experiment, With the electron gun 

i n  t h i s  chamber, we have been s t r i v i n g  t o  obtain the desired 

hfgh current (%lo0 va) monoenergetic (%30 eV) e l e c t r o n  beam. 

Up to  t h i s  da&e our success has only been moderate and at  the  

present eime, we are experimenting w i t h  some minor modifications 

to  the .basic design. 
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IV. PROPOSED WORK DURING THE NEXT REPORTING INTERVAL 

1) We pmpsse t o  extend our work t o  longer wavelengths when 

we receiye the "red-sensitive" photomultiplier previously 

ordered. 

W e  w i l l  cuntlnue the  analysis of our data with "Malik", the 

IBH 360 program, as long as funds mmain. (me UNH Computation 

Center ctarges $180.00 per hour.) 

Work will continue on the proposed electron scattering 

experiment. In particular, w e  will obtain maximum efficiency 

from the electron gun and test the gun and e lectrostat ie  

analyzer system for the e f fect  of electron scattering f r o m  

residual gas atoms In the chamber.. 

2)  

3) 


